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本课题以地特胰岛素(Insulin detemir)的 cDNA 为基础，根据毕赤酵母的偏好
密码子，优化合成了长效人胰岛素原类似物(Human proinsulin analogue, HPIA)的
基因序列，所表达的人胰岛素原类似物 (EEAEAEAEPK)-(B1-B29)-AAK- 
(A1-A21)-(6×His)，缩短了C肽长度，在单链的N端引入间隔肽(EEAEAEAEPK)，
在 C 端含有纯化标签。 
选用 pPIC9K 和经过改造的 pPICZαA(m)为质粒载体，成功构建了以α因子





基以有机培养基 BMMY 为宜，诱导阶段 佳 pH 为 6.5， 适温度 28 ℃。每 12 
h 添加甲醇至终浓度为 1%，诱导 120 h 后外源蛋白表达量达到 高。利用 3.6 L
发酵罐进行重组毕赤酵母发酵实验，以甘油为碳源培养 36 h 时，细胞干重达到
24.0 g/L，然后开始甲醇诱导，通过溶氧反馈抑制的甲醇流加工艺，溶氧值维持
在 35%水平上下波动，120 h 后，细胞干重达到 92.0 g/L，目的蛋白 HPIA 表达量
为 115.1 mg/L。 
实验利用金属螯合层析对 GS115 (9K-HPIA12)所表达的目的蛋白进行纯化， 
蛋白质电泳和质谱分析表明HPIA的分子量为7.89 KDa与理论分子量相符。HPIA
经胰蛋白酶酶切去除 C 肽后，形成人胰岛素类似物。利用人胰岛素检测试剂盒

















As the specific drug for treating diabetes, especially for the IDDM (insulin 
dependent diabetes mellitus), insulin has broad applications. The purpose of this 
research is to develop a method to produce a new long acting insulin analogue by 
recombinant Pichia pastoris in order to reconstruct the basic secretion of insulin for 
diabetes patients with less injection. 
According to the codon bias of Pichia pastoris, the cDNA of human proinsulin 
analogue (HPIA) was designed and synthesized based on the cDNA of insulin detemir. 
The C-terminal sequence of pepide of this HPIA [ (EEAEAEAEPK)-(B1-B29)-AAK- 
(A1-A21)-(6×His)] was optimized. The HPIA sequence contains spacer pepide in the 
N-terminal to increase the protein expression level, and has His Tag in the C terminal 
for purification. 
The gene of HPIA was cloned and recombinant expression plasmids, 
pPIC9K-HPIA and pPICZαA(m)-HPIA, were constructed respectively. They were 
then transformed into the Pichia pastoris GS115 by electroporation, and the linearized 
recombinant vectors could be integrated into the genome by homological recombinant 
of DNA fragments. The recombinant strain was obtained by determining the Mut 
Phenotype and copy number. 
In shake flask experiment, the conditions for HPIA induction were investigated. 
The optimal medium was BMMY, and the optimal pH condition was 6.5. By feeding 
methanol to final concentration of 1.0% every 12 hours, the highest HPIA production 
could be observed after methanol induction for 120 hours at 28 ℃.  
The fermentation experiment was performed in a 3.6 L fermentor based on the 
optimal condition of shale flask cultivation. Glycerol was selected as carbon source in 
the growth phase. The dry cell weight reached 24.0 g/L after feeding glycerol for 36 
hours. The methanol induction was started after glycerol was consumed at 36 h, and 















methanol feeding during the induction phase. The highest HPIA expression level 
reached 115.1 mg/L and the dry cell weight reached 92.0 g/L after induction for 120 
hours. 
The HPIA was characterized by 16.5% Tricine SDS-PAGE and mass 
spectrometry after being purified by metal chelate chromatography, and the molecular 
mass of 7.89 kDa was consistent with the theory value. The HPIA showed the 
biological activity (170.4 μIU/mL) detected by ELISA kit after removing the C peptid 
by trypsin. 
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据调查，目前世界糖尿病患者已达 1.7 亿，至 2030 年，患者总数将翻倍，
接近 3.5 亿人，中国目前糖尿病患者人数已近 4000 万，每天新增糖尿病患者约





人胰岛素(insulin)由 A、B 两条链组成，分别含有 21 和 30 个氨基酸，通过 3
对二硫键作用形成 终构型，其中有两对链间二硫键(A7-B7)、(A20-B19)，以及一
对链内二硫键(A6-A11) ，分子量为 5.8 kDa[1]。编码基因由 1789 个碱基对构成，
位于 11 号染色体短臂近末端 P15.5 处[4]。胰岛素生物合成的初始形式是一条单链
多肽，在内质网的向内质面翻译形成，称为前胰岛素原(preproinsulin)，由四部分

















白酶、类羧肽酶 B 消化，切除胰岛素 A、B 两条链之间的连接 C 肽后，形成正
确构型的胰岛素，并释放到血液中。 
 
图 1-1 人胰岛素的空间结构 
Fig. 1-1 Spatial structure of human insulin 
 
 
图 1-2 人胰岛素的结构图 
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